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ABSTRACT

Al . CoCrFeNiB , high-entropy alloy was prepared by vacuum arc melting.
The as-cast alloy was heat treated for 10 h at 1000'to investigate the effects
of aging on the microstructure and tensile properties. The as-cast and aged
alloy exhibit ssimple FCC and bce solid solution phases. The as-cast alloy
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consists of dendrite and interdendrite, where granular-liked and stringer-
shaped phases appear. After the aging treatment, needle-liked phase
precipitated in dendrite, which grown with stringer-shaped dissolution. The
aging treatment can improve the tensile property of the alloy obviously.

© 2015 Trade Science Inc. - INDIA

INTRODUCTION

Traditionally, alloyshavebeen designed to haveone
or two element astheir main component for primary
propertiesand with other minor e ementsincorporated
for delinite microstructure and properties, such as in
the cases of ferrous, aluminum, titanium, and magne-
sium alloys. Recently this paradigm has been broken
by high entropy alloy devel oped by Yeh et d*2. High
entropy alloy aredefined asalloyswithn(5<n<13)
principa e ementseach having an atomic percentage
between 5 and 35 at. pct?. Some studies®® found
that high entropy alloy may possesssimple solid solu-
tion structureand excellent properties.

Now most of high entropy aloyswere consisted of
metallic eements. In order toimprovethe mechanical
propertiesof thedloys, somenon-metdlicdementsmay
incorporatein high entropy aloy!®®. For example, Hsu®
studied the effect of boron addition onthewear resis-

tance and high-temperature compression strength of
CuCoNiCrAl0.5FeAlloy. Their results show that the
wear resistance and high-temperature compression
strength were significantly enhanced by theformation
of borideinthealoys. But thealoyswith boridewere
lesstough. Our previouswork on the effect of boron
addition on the tensile mechanical properties of
Al .FeCoNiCr aloy a'so show that boron additionin-
creased tensile strength, but decreased ductility obvi-
oudy!9. Inthetraditiond dloys, themicrostructureand
mechanica propertiesof acast ingot arewell knownto
be markedly affected by homogenization, hot working
and cold working. Therefore heat trestment may be
used toimprovethe mechanical propertiesof highen-
tropy dloyssmilarly. Therefore, the purposeof thisstudy
istoinvestigatethe effect of aging treatment onmicro-
structureand mechanical propertiesof Al | CoCrFeNi
B,,dloys.



MSAIJ, 13(1) 2015

Dai Pin-Qiang et al. 33

EXPERIMENTAL PROCEDURES

Alloy ingots with nominal composition of
Al .CoCrFeNi B, high entropy alloy were prepared
by vacuum arc melt casting in high-purity argon atmo-
spherewith awater-cooled copper crucible. Elemental
metal with purity higher than 99 wt% wereused asraw
materias. Thechemical homogeneity wasredlized by
repeated melting at least four times. Samplescut from
theingot wereaged a 1000! for 10h, and then quenched
inwater. Microstructureanayses, phaseidentification,
and mechanical measurementswerethen carried out
on theas-cast and aged specimens. Thecrystal struc-
turewasidentified by X-ray diffractometer (XRD, D/
max Ultimalll) with Cu Karadiation scanning from
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Figure2: Microstructuresof theas-cast and aged Al
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40° to 100° in 20 at a scanning rate of 4°/min. The
microstructure and chemical composition wereexam-
ined usngoptica microscope(OM, XJZ-6A) and scan-
ning el ectron microscopy (ESEM, Philips-FEI XL30)

CoCrFeNialloys: (a) as-cast (OM), (b) aged at 1000°C (OM),
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Figure 1 : XRD patterns of the as-cast and aged
Al,.CoCrFeNi B ,alloys
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equi pped with an energy dispersve spectrometer (EDS).
Room temperaturetensile propertiesweretested ona
CMT-6104 testing machinewith strain speed of 4x10-
4st and thefracture morphol ogy was observed by scan-
ning electron microscopy (SEM, JEOL-JSM 6380LV).
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TABLE 1: Chemical compositionsof theas-cast and aged Al | .CoCrFeNi B ,alloys
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Alloy Position Al Co Cr Fe Ni B

Nominal 10.64 21.28 21.28 21.28 21.28 4.26
as-cast Dendrite 10.71 22.88 19.54 21.92 21.57 3.38
Stringer-shaped 2.17 10.68 50.01 16.35 5.36 6.43
Granular-liked 26.4 18.26 8.24 14.46 28.72 3.92
aged at 1000°C Dendrite 7.64 24.65 19.34 24.88 21.05 2.44
Needle-liked 8.75 24.53 18.64 25.61 21.23 1.24
Granular-liked 30.68 16.6 5.48 12.07 33.87 1.3

RESULTSAND DI SCUSSION 1000 | aged at 1000°C

Figure 1 shows the XRD patterns of the as-cast 800 - p e

p )

and aged Al ,.CoCrFeNi B, high entropy aloys. As
canbeseeninFigure 1, theas-cast aloy exhibitssmple
face-centered cubic (fcc) and body-centered cubic (bec)
solid solution phases, and the number of phasesisnot
affected by aging treatment. il

Figure 2 showsmicrostructures of the as-cast and L /
agedAl__B__CoCrFeNi alloys. Typical dendriteand N S
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interdendrite structuresare observed inthe as-cast al - Engineering strain (%)

loy. Grmm_a"' iked a?d stringer-shaped p_hasescm be  Figure3: Room-temperaturetensile curves of the as-cast
seenintheinterdendrite. However, themicrostructure  and aged Al CoCrFeNi B ,alloys

600 - /
/

400

Engineering stress (MPa)

i
xS, abe

1Skv S Mim

Figure4: SEM of tensilefracturesurfaceof theas-cast and aged Al .CoCrFeNi B alloys: (a) as-cad, (b) aged at 1000°C

morphology varies obviously for the alloy aged at
1000°Cfor 10h. After aging trestment, stringer-shaped
phasemainly dissolved. And thedendritegrown, which
further precipitatesfineneedle-liked phase.

In order to verify the compositionsof dl the phases
in the as-cast and aged aloy, EDS was used and the
resultsareshownin TABLE 1. Accordingto TABLE

1, Granular-liked phase isrich in Al and Ni, while
stringer-shaped phaseisrichin Crand B. Thisisrea
sonable, becausethe mixing entha py of Al-Ni and Cr-
B aremuch negative”!%. From thethermodynamic equi-

libiumequation, AG,, = AH ,, —TAS,,,, aphasewith
large negative mixing enthalpy hasalow Gibbsfree
energy. Fromtheabovediscussionandin previousre-
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port™, one can draw aconclusionthat thedendriteis
fce solution phase.

Figure 3 showstheroom-temperaturetensilecurves
of theas-cast and aged Al ,_CoCrFeNiB ,alloys. For
the alloy aged at 1000! for 10 hours, the room-tem-
peraturetensle strength increasesfrom 847.04M paof
the as-cast t0 996.45M Pa. Meanwhile, theelongation
at bresk increasesfrom 8.13% of theas-cast to 11.2%.
Theneedle-liked precipitate must play apositiverole
inaffecting thestrength after aging trestment. And plas-
ticstranimprovement may bedttributed to theincreased
volumefraction of ductile dendrite. Thefracture sur-
facesareshownin Figure4. It showsthefracturemainly
consists of cleavage facets for the as-cast and aged
Al B . CoCrFeNidloy.
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CONCLUSIONS

Theas-castAl  CoCrFeNi B, dloy wasfoundto
exhibit smplefccand bee solid sol ution phases, aswell
asthedloy aged at 1000!. And as-cast alloy consists
of dendriteand interdendrite, wheregranular-liked and
stringer-shaped phases appear. However, after theag-
ing treatment, needle-liked phase preci pitatesin den-
drite, which growswith stringer-shaped dissol ution.
Furthermore, theroom-temperaturetensile strength of
the alloy aged at 1000! for 10 hours increases from
847.04M pacf theas-cast to 996.45M Pa. Meanwhile,
the elongation at break increases from 8.13% of the
as-cast to 11.2%.
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